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Serum periostin has recently emerged as a novel and useful
biomarker for bronchial asthma.1 Serum periostin is a surrogate
biomarker reﬂecting type 2 immune responses because periostin
is a downstreammolecule of interleukin-4 (IL-4) or IL-13, the signa-
ture cytokines of type 2 immune responses. This characteristic of
periostin can potentially be applied to predict the efﬁcacy of antag-
onists such as anti-IL-13 or anti-IgE antibodies against type 2 im-
mune responses. Furthermore, we have recently found that since
periostin reﬂects tissue remodeling or ﬁbrosis in bronchial asthma,
it can predict hypo-responsiveness to inhaled corticosteroids in
asthma patients, particularly in thosewho are late-onset and eosin-
ophil-dominant.2,3
In spite of the usefulness of periostin as a biomarker for bron-
chial asthma, serum periostin can be affected by periostin pro-
duced in sites other than lung tissues, particularly bones.
Therefore, it would be of great beneﬁt in caring for and treating
asthma patients if periostin in lung tissues could be speciﬁcally
detected. However, it remains obscure how periostin is secreted
from the cells and circulated in asthma patients. No study has
yet been performed to investigate whether periostin is secreted
in the bronchial lumens of asthma patients. Bronchial resident
cellsdepithelial cells, ﬁbroblasts, and endothelial cellsdare
assumed to be sources of periostin in lung tissues.4e6 It has
been demonstrated in vitro that periostin can be secreted from
the basal side, but not from the apical side, in bronchial epithelial
cells.4 These results negate the notion that periostin is secreted in
the bronchial lumens in asthma patients. In contrast, it has been
reported that periostin is highly detected in nasal lavage ﬂuid in
chronic rhinosinusitis patients, which may nevertheless support
this notion.7 Therefore, in this study, we examined periostin in
the bronchial lavage ﬂuid (BLF) of asthma patients to explore
whether it can be a more speciﬁc biomarker for bronchial
asthma.
Ten asthma patients and ten healthy donors were recruited
from the Iwate Medical University Hospital. Bronchial asthma
was diagnosed according to the criteria by Global Initiative for
Asthma, Global Strategy for Asthma Management and Prevention,
updated 2010. Spirometry was performed and airway methacho-
line responsiveness was measured using an Astograph (Jupiter
21, CHEST, Tokyo, Japan). The asthma patients had no otherPeer review under responsibility of Japanese Society of Allergology.
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subjects were nonallergic and nonsmokers. This study was
approved by the IwateMedical University Hospital Ethics Commit-
tee. The details of the asthma patients are described in Table 1. All
the asthma patients were well controlled with inhaled
corticosteroids.
Bronchial lavagewas performed by inserting a ﬂexible ﬁbreoptic
bronchoscope (Olympus; Olympus Optical Co Ltd, Tokyo, Japan) un-
der local anesthesia, as previously described.8 BLF was extracted
from one of the subsegmental bronchi of the left lingular division
by injection of 20 mL aliquots of sterile saline pre-warmed to
36.5 C twice and gently aspirated back into polypropylene tubes
kept on ice. We obtained 20e25 mL of BLF from each asthma pa-
tient. Immediately after lavage, mucus was removed from the ﬂuid
by ﬁltration through gauze, and the ﬂuid was then centrifuged at
200  g for 10 min at 4 C. The supernatant was decanted and
stored at 80 C. Ten mL of BLF supernatant was concentrated to
1.0 mL (ten-fold) by centrifugation using Centrifugal Filter Devices
(Amicon Ultra-0.5, Merck Millipore, Darmstadt, Germany). Perios-
tin in BLF was detected as previously described with a slight modi-
ﬁcation, using the biotin-stereptavidin system to increase the
sensitivity.2,9,10
The BLF from seven asthma patients showed no detectable peri-
ostin (data not shown). Although periostin was detectable in the
BLF of the remaining three asthma patients, the periostin levels
were less than 200 pg/mL. To quantify the tiny amounts of periostin
in BLF, we concentrated proteins in BLF by ten-fold. The original
periostin concentrations were estimated to be 7e511 pg/mL in
eight asthma patients by the ten-fold enriched BLF, and the remain-
ing two showed no detectable periostin (Table 1). When we
concentrated 100e150 mL of bronchoalveolar lavage ﬂuid (BALF)
from 10 normal donors by ten-fold, periostin concentrations were
estimated to be 78e648 pg/mL in nine normal donors and one
normal donor showed no detectable periostin (data not shown).
We were sure of these values because the detection limit of our
high-sensitivity periostin ELISA kit was as much as 3 pg/mL. The
value of the periostin concentration in BLF was signiﬁcantly lower
than the serum periostin concentrations, not only in asthma pa-
tients (n ¼ 734, median: 74.0 ng/mL, average: 82.1 ng/mL, SEM:
1.48, range: 14e440 ng/mL), but also in the normal donors
(n ¼ 302, median: 54.4 ng/mL, average: 53.9 ng/mL, SEM: 1.49,
range: 1e130 ng/mL).2,9,10 These results suggest that secretion of
periostin into the bronchial lumens of asthma patients does not
occur or is negligible. Secretion or production manner of periostin
in the lumensmay be different among the sites, because periostin isevier B.V. All rights reserved.
Table 1
Clinical backgrounds and periostin concentration in BLF in bronchial asthma patients.
Patient Age
(yr)
Sex Duration of asthma (yr) Allergic rhinitis Treatment Blood eosinophils
(/mL)




1 48 M 11  FP 400 mg
MON 10 mg
390 72.6 25 7
2 41 M 38  FP 400 mg 296 63.0 34 148
3 72 M 65  FP 200 mg
SLM 100 mg
PRN 450 mg
251 48.1 39 310
4 43 M 40 þ FP 500 mg
SLM 100 mg
658 96.8 52 21
5 40 F 39  BUD 200 mg 341 78.5 30 N. D.
6 40 F 38  BUD 400 mg 179 59.1 46 N. D.
7 68 M 9  FP 200 mg 32 98 44 111
8 39 M 1 þ FP 100 mg 293 119.3 62 342
9 48 M 41  FP 200 mg 280 93.4 34 511
10 44 M 43 þ FP 500 mg
SLM 100 mg
285 71.1 134 41
FEV1, forced expiratory volume in 1 s; FeNO, fractional exhaled nitric oxide; FP, ﬂuticasone propionate; MON, montelukast sodium; SLM, salmeterol; PRN, pranlukast hydrate;
BUD, budesonide; N. D., not detected.
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patients.
Acknowledgments
This work was supported in part by Grants-in-Aid for Scientiﬁc
Research from the Japan Society for the Promotion of Science
(25293224).
Conﬂict of interest
JO is an employee of Shino-Test Corporation. KI received a consultant's fee from
Chugai Pharmaceutical and a research grant from Shino-Test. The rest of the authors
have no conﬂict of interest.
Yutaka Nakamura a, Hiromi Nagashima a, Shoichiro Ohta b,
Junya Ono c, Kohei Yamauchi a,**, Kenji Izuhara d,*
a Division of Pulmonary Medicine, Allergy, and Rheumatology, Department of Internal
Medicine, Iwate Medical University School of Medicine, Iwate, Japan
b Department of Laboratory Medicine, Saga Medical School, Saga, Japan
c Shino-Test Corporation, Kanagawa, Japan
d Division of Medical Biochemistry, Department of Biomolecular Sciences, Saga Medical
School, Saga, Japan
* Corresponding author. Division of Medical Biochemistry, Department of
Biomolecular Sciences, Saga Medical School, 5-1-1, Nabeshima, Saga 849-8501,
Japan.
E-mail address: kizuhara@cc.saga-u.ac.jp (K. Izuhara).
** Corresponding author. Division of Pulmonary Medicine, Allergy, and
Rheumatology, Department of Internal Medicine, Iwate Medical University School
of Medicine, 19-1, Uchimaru, Morioka, Iwate 020-8505, Japan.
E-mail address: kyamauchi@iwate-med.ac.jp (K. Yamauchi).References
1. Izuhara K, Arima K, Ohta S, Suzuki S, Inamitsu M, Yamamoto K. Periostin in
allergic inﬂammation. Allergol Int 2014;63:143e51.
2. Kanemitsu Y, Matsumoto H, Izuhara K, Tohda Y, Kita H, Horiguchi T, et al.
Increased periostin associates with greater airﬂow limitation in patients
receiving inhaled corticosteroids. J Allergy Clin Immunol 2013;132:305e12.
3. Nagasaki T, Matsumoto H, Kanemitsu Y, Izuhara K, Tohda Y, Kita H, et al. Inte-
grating longitudinal on pulmonary function and inﬂammation using asthma
phenotypes. J Allergy Clin Immunol 2014;133:1474e7.
4. Sidhu SS, Yuan S, Innes AL, Kerr S, Woodruff PG, Hou L, et al. Roles of epithelial
cell-derived periostin in TGF-beta activation, collagen production, and collagen
gel elasticity in asthma. Proc Natl Acad Sci U S A 2010;107:14170e5.
5. Takayama G, Arima K, Kanaji T, Toda S, Tanaka H, Shoji S, et al. Periostin: a
novel component of subepithelial ﬁbrosis of bronchial asthma downstream
of IL-4 and IL-13 signals. J Allergy Clin Immunol 2006;118:98e104.
6. Shoda T, Futamura K, Kobayashi F, Saito H, Matsumoto K, Matsuda A. Cell type-
dependent effects of corticosteroid on periostin production by primary human
tissue cells. Allergy 2013;68:1467e70.
7. Ohta N, Ishida A, Kurakami K, Suzuki Y, Kakehata S, Ono J, et al. Expressions and
roles of periostin in otolaryngological diseases. Allergol Int 2014;63:171e80.
8. Nagashima H, Nakamura Y, Kanno H, Sawai T, Inoue H, Yamauchi K. Effect of
genetic variation of IL-13 on airway remodeling in bronchial asthma. Allergol
Int 2011;60:291e8.
9. Kim MA, Izuhara K, Ohta S, Ono J, Yoon MK, Ban GY, et al. Association of serum
periostin with aspirin-exacerbated respiratory disease. Ann Allergy Asthma
Immunol 2014;113:314e20.
10. Matsusaka M, Kabata H, Fukunaga K, Suzuki Y, Masaki K, Mochimaru T, et al.
Phenotype of asthma related with high serum periostin levels. Allergol Int
2015;64:175e80.
Received 10 November 2014
Received in revised form 25 November 2014
Accepted 28 November 2014
Available online 10 February 2015
